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(54) Damping method and device 



(57) A damping and shock absorbing method and 
apparatus for permanent or non-permanent use in the 
human body consists out of a shape memory alloy ma- 
terial which is cycled through the stress-strain hysteresis 
to dissipate energy for an effective damping. Asufficiently 
high pre-stress is applied to the damping elements) to 
ensure that the damping working range is within the su- 
pererlastic cycle. The damping apparatus can be de- 
signed to work in tension or compression or - by combi- 
nation of compression and tension elements - both in 
tension and compression. Moreover, damping elements 
from a shape memory alloy can be designed to work also 
in flexion and extension as well in rotation. The damping 



apparatus can be designed to have a stroke and force 
suitable for use in the human body by the design, the 
structure and the chemical composition of the shape 
memory alloy and their pre-set properties, such as pla- 
teau stresses and transformation temperature. Since pla- 
teau stresses of the superelastic cycle depend on the 
ambient temperature, the force of damping elements can 
also be changed in-situ by changing the temperature of 
the damping elements. The damping elements out of a 
shape memory alloy can be combined with elastic ele- 
ments out of other materials to achieve stress-strain be- 
haviour more suitable for use in the individual human 
body. 
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Description 

Background of the Invention 

1 . Field of the Invention 

[0001] The invention relates to a method and appara- 
tus to passively damp shocks in the human body. More 
particular the invention relates to a spinal stabilization 
device which absorbs shocks to the elements of the spi- 
nal column by dissipating energy. 

2. Description of the Prior Art 

[0002] Back pain is one of the most widespread de- 
ceases in modern societies. After all conservative treat- 
ment (non-invasive) options such as medication, physi- 
cal therapy, chiropractic or osteopathic manipulations 
and braces are exhausted patients usually undergo sur- 
gical interventions such as laminectomy, discsectomy 
and finally fusion. 

[0003] A spinal fusion surgery is designed to stop the 
motion at a painful vertebral segment, which in turn 
should decrease pain generated from the joint. New treat- 
ment options, usually called Non-Fusion Technologies 
or motion preservation devices refer to implants which 
seek to preserve motion while stabilizing vertebra and 
relieving pain. There are dynamic stabilization devices 
(interspinous spacers or pedicle screw based), nucleus 
augmentation/replacement, facet replacement, annulus 
repair or total disc replacement. 
[0004] Dynamic stabilization devices must be flexible 
in order to allow the spine a normal physiological motion. 
Thereby it is essential that adjacent levels of the treated 
segment are not adversely affected by the motion pres- 
ervation device. Since today, spinal implants - if at all - 
absorb shocks only elastically (hence affecting adjacent 
levels) there is a need for true shock absorbing by energy 
dissipation in motion preservation devices. 
[0005] Dynamic stabilization devices are designed to 
provide a certain resistance to the motion of the injured 
or damaged spine. Often a non-linear resistance over 
the range of motion in flexion/extension and tension/com- 
pression as Well as rotation is desirable. Solutions today 
are based on complex constructions often containing dif- 
ferent materials. Hence there is a need for simple devices 
build from a biocompatible material which inherently of- 
fers different force-deflection characteristics over their 
range of strain. 

[0006] The present invention provides such a method 
and apparatus for shock absorption in the spinal column 
in general and device for dynamic stabilization in the 
spine in general. 

Summary of the Invention 

[0007] Passive damping or shock absorption is 
achieved by cycling one or more damping elements build 



from a shape memory alloy through it's stress-strain hys- 
teresis. Energy is dissipated during the transformation of 
the microstructure of the material upon loading and un- 
loading in the stress plateaus. Since the phase transfor- 

5 mation is fully reversible even at high cycling numbers 
the principle is used to build damping devices in the hu- 
man body. The shape memory effect has been proven 
for a number of metallic materials, including CuZnAI, 
CuAINi, FeMgSi, FeNiCoTi and NiTi. However, until to- 

10 day only NiTi containing about 50.8 at% Ni, commonly 
referred as Nitinol, has reached a widespread use as 
implant material. Without limiting the scope of this inven- 
tion which includes shape memory alloys in general, we 
will refer in the following only to shape memory alloys 

15 based on Nickel Titanium. 

[0008] Furthermore a NiTi based shape memory alloy 
phase a stress-strain behaviour different from other me- 
tallic implant materials: On loading the material exhibits 
a high stiffness for small strain levels due to the elastic 

20 deformation of the austenitic phase, followed by a re- 
duced stiffness for intermediate strain levels (loading/un- 
loading plateau) and and finally a large stiffness at large 
strain levels (elastic deformation of the martensitic 
phase). This provides an ideal centring force for a dy- 

25 namic stabilization device with an increased resistance 
in the central zone of the stabilizer (elastic deformation 
of the Austenite), much less resistance beyond the cen- 
tral zone of the stabilizer (loading stress plateau) and a 
high resistance at the end of the range of motion (elastic 

so deformation of the Martensite). 

[0009] The phenomenon of the stress-strain hystere- 
sis of a NiTi based shape memory alloy is used to con- 
struct a dynamic spinal stabilization device with a biased 
force: Upon loading the stabilization device will resist 

35 forces from the adjacent spine level with an higher force 
(corresponding to the upper stress plateau) than the sta- 
bilization device itself will develop to the adjacent spine 
level (corresponding to the lower stress plateau). The 
biased force phenomenon of NiTi based damping device 

40 is used to avoid any detrimental impact of the spine sta- 
bilizer to adjacent spine levels. 
[001 0] Figure 1 shows a systematic stress-strain curve 
of a shape memory alloy at a temperature T > Af where 
Af is the Austenite finish temperature. If Af < 37°C the 

45 material is fully austenitic at body temperature. Upon 
loading at low strains the austenitic material deforms first- 
ly elastically, exhibiting a typical Hook-type straight line, 
known from conventional materials. At a certain stress 
(point A in figure 1 ) the stress-strain curve deviates from 

50 the straight line and merges into a plateau in which the 
stress increases only very little while the material exhibits 
large strains. This phenomenon is caused by the forma- 
tion of Stress-Induced Martensite (SIM) and the material 
will exhibit large strains without any significant increase 

55 of stress until all the entire material is transformed from 
Austenite into Stress-Induced Martensite (point B in fig- 
ure 1 ). Any loading beyond point D would first cause an 
elastic deformation of the Stress-Induced Martensite to 
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point E with a significant increase of stress and beyond 
that (not displayed in figure 1 ) cause a plastic deformation 
of the material prior to rupture. Upon unloading at point 
B the material will first release a portion of it's elastic 
stress and will at point D start to transform the martensitic 
microstructure back to Austenite following the lower pla- 
teau line until at point E the material is fully austenitic 
again. During this cycle very large deformations up to - 
6 - 8 % strain (about 30 times those of conventional steel) 
can ideally be fully "elastically" recovered. This phenom- 
enon is generally referred as Superelasticity or Pseudoe- 
lasticity. 

[001 1] During cycling through the superelastic stress- 
strain hysteresis and thus the formation of Stress-Induc- 
es Martensite and the formation of Austenite energy is 
dissipated. 

[0012] The present invention uses this material phe- 
nomenon as a method and apparatus to absorb shocks 
in the human body. There are a number of advantages 
using this phenomenon for implantable damping ele- 
ments in the human body: 

First, shape memory alloys based on Nickel-Titani- 
um (Nitinol) are biocompatible and already widely 
used for implants in the human body. 

Secondly, the above materials exhibit the superlastic 
stress-strain hysteresis at body temperature. 

Thirdly, compared to other damping methods for ex- 
ample the visco-elastic damping method (US 
6582466) the force deflection hysteresis of a shape 
memory alloy can be utilized to build flexible implants 
of a simple construction with a damping capability 
not just in compression and tension, but also in flex- 
ion, extension as well as in rotation 

Fourthly, the reliability of a damping apparatus build 
from a shape memory alloy is much higher compared 
to other known damping methods. The stress-strain 
hysteresis can be performed at indefinite numbers 
with a high fatigue life. This is of particular importance 
for an implant which will be in the human body for 
many years. 

[001 3] Another advantage of a shape memory alloy is 
that it's damping capacity can be changed by the material 
(chemical composition), grain size, microstructure, po- 
rosity and defect structure in the material. Even more 
importantly, the level of the stress plateaus depends on 
the ambient temperature. Accordingly it is possible to al- 
ter the stress-strain characteristics of a damping element 
out of a shape memory alloy by heating or cooling. Cool- 
ing or heating of the SMA elements would therefore result 
in an in-situ change of the plateau stresses. 



Brief Description of the Drawings 
[0014] 

s Fig. 1 shows the general stress-strain behaviour of 
a shape memory alloy on loading and unloading with 
distinctive stress plateaus. 

Fig. 2 illustrates the schematic stress-strain behav- 
10 iour of a damping element constructed out of a SMA 
tension and compression spring. 

Fig. 3 illustrates the plan view of a damping element 
device built from a combined SMA tension and corn- 
's pression spring. 

Fig. 4 illustrates the schematic stress-strain behav- 
iour of a damping element constructed from a SMA 
compression spring. 

20 

Fig. 5 illustrates the plan view of a SMA damping 
element constructed from a compression spring 

Fig. 6 shows a side view of two adjacent vertebrae 
25 with a SMA damping element space holder in be- 
tween and a dynamic stabilization device based on 
SMA damping elements fixed by pedicle screws 

Description of the preferred Embodiments 

30 

[0015] Figure 3 shows a damping element consisting 
out of a SMA tension and a compression spring. The 
upper spring is the compression spring, the lower spring 
is the tension spring. Both springs are pre-strained in 

35 order to assure that tension and compression occur only 
in the region of the plateaus. Figure 3a shows the damp- 
ing element prior to any loading . In this condition the force 
of the compression spring correlates to the point O or O' 
on the stress strain curve in figure 2 depending on the 

40 loading or unloading condition. The tension element rests 
at point L (loading) or L' (unloading). 
[0016] Upon the first tension of the damping element 
(Fig. 3b) the stress-strain behaviour of the tension spring 
follows the curve L'- L - M (figure 2). The transition from 

45 L' to L basically occurs with very little strain but a signif- 
icant increase in stress (force). After reaching the stress 
of the superelastic loading plateau the spring strains to 
point M without any further significant increase of the 
stress (force). In case that no further tension occurs and 

50 the tension stress is released the tension spring follows 
the unloading cycle from M to M'and finally to L'. By doing 
so the energy dissipated within this loop corresponds to 
the area of the rectangular L'- L - M - M'. 
[001 7] The case of further tension (beyond point M in 

55 figure 4) is displayed in figure 3c: The tension spring is 
strained to point N (fig. 2) of the stress-strain curve. Any 
further tension beyond point N should be hampered, ei- 
ther by the natural increase of the stress beyond the load- 
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ing plateau stress or by constructive means of the spring 
elements. Upon relief of the stress the tension spring first 
follows the unloading plateau stress to point N'and there- 
after the unloading plateau to those strains which corre- 
spond to the applied stress levels up to the point L'which 
defines the pre-strained tension of that spring. 
[0018] It is important to point out that due to the hys- 
teresis the SMA damping element will resist forces ap- 
plied to it with an higherforce (corresponding to the upper 
stress plateau) than it will develop to the human body 
(corresponding to the lower stress plateau). 
[0019] Since the damping element consists out of a 
tension and a compression spring, damping (energy dis- 
sipation) occurs also in compression. Moderate com- 
pression is displayed in figure 3d while the tension spring 
is not activated. Upon compression the compression 
spring moves it's stress-strain characteristics from point 
O' to O and furthermore to point P (Figure 2). If the stress 
is released at this point the stress-strain characteristics 
will follow the line from P to P'and thereafter to strains 
corresponding stresses of the unloading up to the pre- 
strained condition (point O'). The damping (energy dis- 
sipation) corresponds to the area of the rectangular made 
between O'- O - P - P' (Figure 2). The case of a maximal 
compression of the compression spring is shown in figure 
3e: In this case the spring is at maximum allowable strains 
corresponding to point Q (Figure 2). Any further com- 
pression is hampered either by the natural increase of 
the stress after the loading stress plateau or must be by 
constructive means of the spring element. If the com- 
pression is released the stress-strain behaviour follows 
the line from Q to Q' and thereafter the unloading plateau 
to strains corresponding to the remaining compression 
stresses. Again the amount of damping (energy dissipa- 
tion) corresponds to the area build by the rectangular of 
the stress-strain hysteresis. 

[0020] In one embodiment of the invention the damp- 
ing device consists only out of a compression element 
Figure 5). The stress-strain behaviour of the compression 
element is displayed within the general stress-strain be- 
haviour of a shape memory alloy in figure 4. The com- 
pression element is pre-strained to at least point O of the 
stress plateau. The pre-straining can occur by either con- 
structive means (for example as indicated in figure 5a) 
or alternatively, by applying sufficient a force during ap- 
plication in the human body. During a compression cycle 
the damping behaviour (energy dissipation) is achieved 
by cycling the compression element within a rectangular 
within the points O - P - Q - Q'- P'- O'. The pre-strained 
damping element in figure 5a would be at point O' upon 
an unloading condition in figure 4. On compression the 
damping element develops a relatively high force F1 to 
reach the upper stress plateau (point O) before it will be 
significantly strained. Once the stress plateau is reached 
only very little additional stress (force) is needed in order 
to cause compression of the damping element. Full com- 
pression of the damping element is reached at point Q 
in figure 4, corresponding to figure 5b. Upon relief of the 



compressive force the stress-strain behavior of the 
damping element reduces it's compression following the 
unloading curve Q'- P'- O'. : It is important to note that - 
due to the stress-strain hysteresis - upon unloading a 

s much lower force F2 from the compression element to 
the human body is developed compared to force F1 the 
compression element itself resists the compressive 
force. It is understood that the compression of the damp- 
ing element beyond point Q will be avoided either by fur- 

10 ther increase of stress due to the elastic deformation of 
the Martensite or has to be done by constructive con- 
straints. 

[0021] It should also be mentioned that any pre-strain- 
ing of the damping element can also be achieved by using 
is the natural loads applied by the human body. In this case 
it can be of advantage to set the pre-strain to point P or 
P'of the stress-strain curve. 

[0022] It is another embodiment of the invention to use 
the specific stress-strain characteristics of a NiTi based 

20 SMA alloy to provide non-linear resistance for dynamic 
stabilization of the spinal column. High stiffness for small 
strain levels due to the elastic deformation of the auste- 
nitic phase and a reduced stiffness for intermediate strain 
levels (loading/unloading plateau) provide a an ideal 

25 centering force for a dynamic stabilization device with an 
increased resistance in the central zone of the stabilizer 
(correspond ing to the neutral zone of the spine) and much 
less resistance beyond the central zone of the stabilizer 
which is essential for a dynamic stabilization device 

30 (PANJABI, WO 04098452A2). In addition to that, the 
stress increase of NiTi based SMA's after the stress-pla- 
teaus due to the elastic deformation of the Martensite ca 
be used to provide a high resistance at the end of the 
range of motion. 

35 [0023] Figure 6 shows an application of the first two 
embodiments of the invention, which is the application 
of a NiTi based SMA damping element as a space holder 
between two adjacent vertebrae and a dynamic stabili- 
zation device fixed by pedicle screws on the spinal col- 

40 umn. The advantage of the SMA space holder which can 
also be constructed with an open structure to inject bone 
mass is in contrast to the prior art is that true damping is 
provided leading to less impact to adjacent spine levels. 
The same applies to the dynamic stabilization device 

45 which in addition will provide an ideal centring force and 
a stress-strain characteristic with an increase resistance 
in the central zone and less resistance beyond the central 
zone of the spine. 

[0024] Briefly summarized, the present invention re- 
50 lates to a damping and shock absorbing method and ap- 
paratus for permanent or non-permanent use in the hu- 
man body consists out of a shape memory alloy material 
which is cycled through the stress-strain hysteresis to 
dissipate energy for an effective damping. A sufficiently 
55 high pre-stress is applied to the damping element(s) to 
ensure that the damping working range is within the su- 
pererlastic cycle. The damping apparatus can be de- 
signed to work in tension or compression or - by combi- 
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nation of compression and tension elements - both in 
tension and compression. Moreover, damping elements 
from a shape memory alloy can be designed to work also 
in flexion and extension as well in rotation. The damping 
apparatus can be designed to have a stroke and force 
suitable for use in the human body by the design, the 
structure and the chemical composition of the shape 
memory alloy and their pre-set properties, such as pla- 
teau stresses and transformation temperature. Since pla- 
teau stresses of the superelastic cycle depend on the 
ambient temperature, the force of damping elements can 
also be changed in-situ by changing the temperature of 
the damping elements. The damping elements out of a 
shape memory alloy can be combined with elastic ele- 
ments out of other materials to achieve stress-strain be- 
haviour more suitable for use in the individual human 
body. 



1. A damping apparatus for absorbing energy during 
dynamic loading in the human body comprising: 

at least one shape memory alloy damping ele- 
ment exhibiting a superelastic stress-strain be- 
haviour at body temperature, wherein the damp- 
ing element is pre-strained within the apparatus 
and adapted to achieve damping by cycling - at 
least partly - through the superelastic stress- 
strain cycle. 

2. The apparatus of claim 1 .wherein the shape memory 
alloy comprises a binary NiTi shape memory alloy 
(for example Ti-50.8at%Ni) or ternary NiTi shape 
memory alloy. 

3. The apparatus of claim 1 or 2, wherein the damping 
element is produced by casting and heat treatment 
to overcome unsymmetrical response in compres- 
sion vs. tension of cold worked NiTi materials. 

4. The apparatus of any of claims 1 to 3, wherein the 
shape memory damping element comprises springs, 
particularly NiTi springs. 



element for the spinal column and for artificial joints 
such as hip implants. 

8. In-situ change of damping characteristics by chang- 
ing the temperature of the SMA damping element. 

9. A shape memory alloy self centring dynamic stabili- 
zation device with an increased resistance in the 
central zone of the stabilizer (corresponding to the 
neutral zone of the spine) and much less resistance 
beyond the central zone of the stabilizer. 

1 0. A intervertebral spacer and dynamic stabilization de- 
vice, respectively built from a shape memory alloy 
which will resist outside forces with an higher force 
(corresponding to the upper stress plateau) than it 
will itself develop to the adjacent spine level (corre- 
sponding to the lower stress plateau). 

20 11. Method forabsorbing energy during dynamic loading 
in the human body, comprising the step of providing 
at least one shape memory alloy damping element 
exhibiting a superelastic stress-strain behaviour at 
body temperature, wherein the damping element is 

25 pre-strained within the apparatus and adapted to 
achieve damping by cycling - at least partly - through 
the superelastic stress-strain cycle. 



The apparatus of any of the preceding claims, where- 
in at least two damping elements are provided, one 
of which functioning as a compression spring and 
the other as a tension spring. 

Dynamic stabilization device and intervertebral 
spacer element for the spinal column and for artificial 
joints such as hip implants, comprising the apparatus 
as defined in any of claims 1 to 5. 

Use of shape memory alloy damping devices for dy- 
namic stabilization devices and intervertebral spacer 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. claims: 1-5,11 

Damping apparatus for absorbing energy during dynamic 
loading in the human body comprising at least one shape 
memory alloy damping element exhibiting a superelastic 
stress-strain behaviour at body temperature, wherein the 
damping element is pre-strained within the apparatus and 
adapted to achieve damping by cycling - at least partly - 
through the superelastic stress-strain cycle, wherein at 
least two damping elements are provided, one of which 
functioning as a compression spring and the other as a 
tension spring 



2. claims: 6-7,9-10 

Dynamic stabilzation device and intervertebral spacer for 
the spinal column. 



3. claim: 8 

In-situ change of damping characteristics by changing the 
temperature of the SMA damping element. 
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